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Introduction
The Fundamentals of Engineering (FE) exam is typically the first step in the process leading to the P.E. license. It is designed for recent graduates and students who are close to finishing an undergraduate engineering degree.
The National Institute for Certification of Engineering Technologies (NICET, a division of National Society of Professional Engineers (NSPE)) defines technologists 1 as follows: "Engineering technologists are members of the engineering team who work closely with engineers, scientists, and technicians. Technologists have a thorough knowledge of the equipment, applications, and established state-of-the-art design and implementation methods in a particular engineering area."
The Engineering Technology Accreditation Commission (ETAC) of ABET accredits both twoyear AS programs, educating engineering technicians, and four-year BS programs, educating engineering technologists. Typically a four-year engineering technology programs have historically ranged from algebra-based curricula to more rigorous calculus-based curricula, some of which are difficult to distinguish from engineering curricula. Recent changes in ETAC accreditation technology have characterized mathematics requirements for all ETAC programs going forward as "differential and integral calculus or other mathematics above the level of algebra and trigonometry."
Licensing Issues
How do we currently license BS-level engineering technologists in the U.S.? The issues pertaining to the licensure of engineering technologists as professional engineers in the U.S. is a matter that is not often discussed in the engineering profession. It is actually controversial among some professional engineers and engineering technologists.
The NCEES Model Law and Model Rules require a BS degree from an Engineering Accreditation Commission (EAC) of ABET-accredited program or equivalent. There is no mention of ETAC of ABET-accredited programs. The Model Law 3 is silent on this issue. The NCEES requirements for the equivalency evaluation of non-ABET accredited programs state, "engineering technology courses cannot be considered to meet engineering topic requirements." Some state boards have interpreted a program's ETAC of ABET accreditation as demonstrable proof that it is not the equivalent of an EAC of ABET-accredited degree, or the program would have applied for EAC accreditation. Since the Model Law does not include provisions for licensing engineering technologists, it has been and is the purview of the engineering licensing board in each jurisdiction.
An NCEES position statement recommends if states do choose to provide a pathway for licensure of engineering technologists, then additional years of engineering experience be required. Historically, jurisdictions have either chosen not to allow licensure of engineering technologists as professional engineers, or, in many cases where there are such provisions, they have required additional years of progressive engineering experience prior to approving an applicant to sit for the PE examination. There are no jurisdictions that license engineering technologists separately.
It appears that engineering licensure practices in the U.S. are such that engineering technologists cannot obtain a license to practice as a professional engineer in 1/3 of jurisdictions, but are capable of obtaining a PE license in the other 2/3 of states if they pass both the FE and PE exams, although they are typically required to have more years of traditional, progressive engineering experience than is required of ordinary engineers.
FE/EIT Resources
The FE exam is the only uniform, nationally used exam that tests candidates on the material covered in college engineering degree programs. For educators and administrators, the exams have the potential to provide a wealth of information about the relative strengths and weaknesses of students in a program.
The NCEES FE Reference Handbook 4 is the only reference material that can be used during the exam. It is provided on screen electronically during the exam. It is also available for purchase as a hard copy and for free download electronically on the NCEES website. Nearly 300 Pearson VUE test center locations are available throughout the United States. The examinees can locate the specific sites near their institution by referring to the proper NCEES website at the specific URL.
An exam fee of $225 is payable directly to NCEES during the registration process. Some licensing boards may require examinees to file a separate application and pay an application fee as part of their approval process in order to be qualified for seating for an NCEES exam. FE exam results are typically available 7-10 days after one takes the exam. The examinees receive an email notification from NCEES with instructions to view their results in their MyNCEES account. Results include information specific to your licensing board regarding how you should proceed based on your performance.
NCEES offers free institutions reports that break down the performance of students and graduates from their programs, comparing results on specific content areas to national averages. Many engineering departments use these reports to assess program outcomes The new Structure of FE Prep Course
The FE is a computer-based exam that is administered year-round at NCEES-approved Pearson VUE test centers. As of 2014, the FE is offered in the following seven disciplines. The exam lasts over 6 hours, has 110 multiple-choice questions 5 and is divided according to the specific discipline: The approximate six hours duration includes a nondisclosure agreement, tutorial (8 minutes), the exam (5 hours and 20 minutes), and a scheduled break (25 minutes).
FE

Setting up FE/EIT Teaching Module
Under the guidance of the associate academic dean of affairs, five full time faculty members teamed up for setting up the FE/EIT Module. It was a painstaking task. The author had partial access to some of the resources which were previously used for FE/EIT prep by the following universities:
Auburn University, Alabama Kansas State University Southern Methodist University Georgia Tech, University Colorado School of Mines UCLA Samuel School of Engineering and Applied Science Most of them were either proprietary or more relevant for the other six specific disciplines like Civil, Mechanical, Industrial, Chemical, Environmental, FE Other disciplines and not so much for FE Electrical and Computer. The author thus resorted to the latest FE/EIT text books and the NCEES offered computer-based practice exams that contain questions and solutions from past exams because they were expected to simulate the real format, style, and level of difficulty.
In addition to NCEES computer based tests 6 we also used the following textbooks 7 Each session consisted of a two hour lecture with active interaction, a two hour in-class problem session, a half hour for review, and a half hour for lunch. Students were encouraged to study the weekly topics after class so as to be able to review the material in the next session.
The faculty at our university primarily focused on FE Electrical and Computer prep in accordance with the knowledge areas and estimated number of questions as per NCEES guidelines illustrated in Appendix A.
FE/EIT Pre-EIT Diagnostic Test
Using FE/EIT Sample examinations from NCEES computer based tests and previously mentioned textbooks, we prepared a scaled down mock up version of FE prep diagnostics exam which was offered to our electronic and computer engineering students at local university campuses. Only eight students voluntarily took this computer based diagnostics exam. The result of this mock up exam were alarming; only one student passed this initial mock up exam while the rest were either borderline or failed. They did not perform remotely close to the expectations. The results of this exam 2 were discussed in detail with students and their failure was eventually attributed to lack of revision of basic concepts and relevant course work, as well as cold start on their part.
It was realized at this point that passing the general Fundamentals of Engineering (FE) examination will tend to pose a challenge for some of the engineering technology students because traditional engineering education includes a significantly more extensive background in both mathematics and the sciences, which leads to a foundational background in engineering science. Furthermore design capability is then built on that math/science/engineering science core foundation. The engineering technology programs on the other hand provides a much more basic background in math and science, with relatively less emphasis on general engineering sciences, and more so with extensive technology and design content in accordance with general notion that engineering technology students are trained to apply technologies to design in a more hands-on fashion.
In light of recommendations from industrial advisory board meetings, the regular curriculum updates of our university curricula has been constantly revised not for the FE exam, but rather to stay in conformance with TAC of ABET accreditation criteria. Our capstone senior projects and two review courses were introduced earlier to train our technology students to analytically apply the theory and practical applications of math, science, and engineering science to the development and design of electronic and computer systems.
Course Delivery Challenges
Since the FE/EIT course was delivered on Saturdays, during the regular school session, the number of students who attended this module was not consistent. The number of students who attended regularly was never more than ten. A few junior students invited by the instructor for feedback purposes used to attend, but not for whole duration. Out of the eight students who took the FE/EIT Pre-Diagnostics exam, not all attended every Saturday due to some family emergencies. To make up for these students, a few faculty members covered the material for them on Wednesday afternoon after the regular class meeting with them, as they happened to take other courses with them.
As referenced in Appendix A, there are eighteen different Electrical Discipline-Specific FE/EIT Exam knowledge areas which are further divided into other sub topics. It was noticed that the following sub topics were not covered in depth in our curriculum and as such required additional coaching on part of our faculty.
Mathematics -Discrete Mathematics Probability and Statistics Properties of Electrical Materials Electronics -Semiconductor and Solid State Physics Electromagnetics -Maxwell Equations
The FE/EIT Prep course was offered as a special topics course which is one way new courses are piloted locally at our university campus. This course was instrumental in the progressive learning of the students by relating and applying fundamentals of circuit analysis, analog and digital electronics, micro-computing, power electronics, control systems, signal processing, electro-mechanics, and various energy and material concepts to electronics and computer systems.
The continuous examination of the evolving needs of our students and employers for careeroriented, higher education programs is our university's mission and purpose. Agencies accrediting our programs are also increasingly focused on student outcomes and achievement. Student outcomes are the skills and abilities students are expected to demonstrate at graduation. Some of the student outcomes in our program is the ability to conduct standard tests and measurements; to conduct, analyze, and interpret experiments; and to apply experimental results to improve computer systems and processes.
Application of FE Exam Results
Effective outcome assessment requires a set of tools to evaluate various aspects of the educational experience. Ideally at least some of these tools should enable comparison with other institutions if they are to have any value as benchmarks or credibility on an objective basis. Prior to beginning the use of the exam for assessment purposes, the engineering faculty at our school conducted meetings to discuss and determine the expected performance in each topic area which was expected to depend on the emphasis of that topic in the electronics and computer engineering program at our university.
A review of the literature revealed that the following two methods 8 have been promoted by NCEES: the Ratio Method and the Scaled Score Method.
The Ratio Method is essentially a simple process for evaluating exam results by comparing the institution's results with national average by topic in a simple ratio.
Ratio score = Program Performance Index./National Performance Index The scaled score on the other hand was developed to allow institutions to present the data in a form that represents the number of standard deviations above or below the national average for each topic as compared to the percentage above or below the national average given by the ratio method. Table 2 , below depicts the NCEES 6 sample institutional report for FE/EIT exam. 
FE/EIT Pre and Post Diagnostics Test Results Correlation and Regression Method
A careful study of the sample NCEES FE/EIT Institutional report reveals that the FE exam is the only nationally normed 5 exam addressing specific engineering topics for a specific engineering discipline and is therefore an extremely effective tool for outcomes assessment. The FE exam allows an institution to focus on specific goals in selected topic areas. The detailed reports of performance by subject area provide information that can help evaluate success in achieving the program's outcomes as specified by ABET. Over time, these reports can also help the program document the effect of curriculum revisions, teaching innovations, and other actions taken to improve student mastery of engineering studies.
In general, parametric tests 9 have requirements about the nature or shape of the populations involved: nonparametric tests do not require that samples come from populations with normal distribution or any other particular distribution. Due to the nature of our diverse student population, a rank correlation method will be described. The rank correlation test, or Spearmen's rank correlation, is a non parametric test that uses ranks of sample data consisting of matched pairs. It is used to test for an association between two variables, so the null and alternate hypotheses are as follows (where ps denotes the rank correlation coefficient for the entire population):
= 0 (There is no correlation between the two variables.) 0 : ≠ 0 (There is no correlation between the two variables.) The notation will be used for the Spearman rank relation coefficient so as not to confuse it with the linear correlation coefficient r.
Rank Correlation Procedure and Notation n = number of pairs of sampled data d = difference between the ranks for the two values within a pair = rank correlation coefficient for sample paired data ( is a sample statistic) = rank correlation coefficient for all the population data ( is a population parameter)
Test Statistic
No ties: After converting the data in each sample to ranks, if there are no ties among the ranks for the first variable and there are no ties among the ranks for the second variable, the exact value of the test statistic can be calculated using this formula 10 :
Ties: After converting the data in each sample to ranks, if either variable has ties among its ranks, the exact value of the test statistic can be found by using this formula: Following the procedure, the data in the Table 3 , are in the form of ranks and the neither of the two variables has ties among ranks, so the exact value of the test statistic can be calculated as shown below using the equations above. We use n =8 (for 8 pairs of data) and ∑ d2 =16 (as shown in Table 2) Table for Critical values of Spearman's Rank Correlation.
For our case n = 8, so we determine that the critical values are ± 0.738 (based on α = 0.05) and n = 8).
Because the absolute value of the test statistic = 0.8095 does exceed the positive critical value of 0.738, we reject the null hypothesis and conclude that there is a correlation It has thus been demonstrated that there is significant correlation between the Pre-test Subject Areas Grade Results and the rankings of the Post-Test Subject Areas Grade results. Subjects appear to better learn the FE/EIT prep material by studying more and going through rigorous practice and testing.
Student Feedback
A compilation of feedback was from obtained from four out of eight students enrolled in this FE/EIT Prep course, and two junior students who attended the lectures and class activities but plan to take the exam next year. We hope to see better understanding, and authenticity of this faculty-student interaction, and feedback from the future survey based on a wider range of students which will undoubtedly test the validity of mixed performance in course of taking the actual FE exam and the analysis of its outcome.
The feedback from the student indicates that:
Students gained an appreciation of the extensive background required for FE/EIT prep course. Practice problems on the FE exam puts many concepts in control systems communications, ethics, statistics and signal processing to practical use in a context that has been described as "cool" by the students.
Students gained an appreciation of the natural sciences courses required by our engineering program, particularly physics. Often students reported that the physical concepts related to a particular topic (for example electrostatics, resonance, Amperes Law, and Faraday's Law of electromagnetic induction ) made much more sense after implementing the concept in the context of controls and instrumentation applications.
Students gained an appreciation for the difficulties involved in taking closed book exam under pressure and time constraints.
Students spent a significant amount of time reviewing basic discrete mathematics, probability and statistics, properties of electrical materials, semiconductor physics, Maxwell's equations and power systems thermodynamics, strength of materials, statics, dynamics, and materials sciences.
Summary and Conclusions
As of writing of this paper, so far only one of our students has taken the FE exam and successfully passed it. The overall performance of the rest of the students in our this first initial course offering and the final mockup FE exam was higher than our expectations as demonstrated by the significant correlation between the Pretest Subject Areas Grade Results and the rankings of the Post-Test Subject Areas Grade results. The Electronic Engineering Students appear to better learn the FE/EIT prep material by studying more and going through rigorous practice, review and testing. This paper is a study in progress and is a testimony of our passionate, ongoing work of teaching and preparing engineering technology students for the FE/EIT exam. We are making a sincere effort to see them becoming successful in their future career. Licensing, however, is a privilege from a governing body (NCEES); it is not a right. A degree shows that a student has studied the field, the license shows that the student is an engineer.
In summary, FE is a direct method of objective assessment with comparisons of institutional results against national results. Assessment does not utilize pass rates, but how students perform on individual exam areas. The FE exam is one effective assessment tool to be used as part of your institution's full assessment package. Multi-center studies and larger sample size are needed to substantiate study findings in different settings.
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